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In accordance with the contract, two problems were studied:
1. The upper-hotrod limit of cunent collection taking into account the current's
magnetic field
2. Preparation toward numerical computation of current collection
Also investigated was a proposed scheme of measuring the location of the end body.
Upper-Bound Limit: of Cut'rent Collection
The upper.bound limit of current collection in a uniform magnetic field is given by the well-
known formula of Parke_ and Murphy. If the magnetic field is not essential, then the
cm'rent is 10-20 times less than this. The question under co-sideration is this: what is the
role of the tether current magnetic field.'? Does it change the upper-bound limit of current
coUection7 Also, is there a dependence on the shapeof the current collecting wire?
Cylindrical wire
Magnetic field of the current
h is supposedbelow thatthefieldsand plasmaareuniformalongthewire.Inthe
coordinatesystemgiveninFigureIwiththecurrent7 alongthez axis,theEarth's
magnetic field Be is in the y-z plane and the current magnetic field B: isin the x-y plane.
The complete magnetic field B is then
_= a[_,s=, + _,(_p + coil)+ _,cot=] (l)
a = aosm= p = r/to ro = 0.2Ua
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Here, I is the current in amperes, B o is in Gauss, and r and r o are in cm. From this, the
equation of the field lines in the x-y plane is then
lnp + pcoscp = g = const (2)
The separatrix at g_l divides the closed lines around the wire end the unclosed fines
fmher out.
Close to the wire, B cbecomes greater than Bo- This is true for r<3 cm for 1=5 A,
and also at r<6 cm for I=10 A. On the surface of the wire, B/B#60 for/= I0 A and
r._.=O.lcm. The magneticforceisthegram orderastheelectricforceforr<15cm ifI--I0
A and the wire potential is .¢w ~10 3 V.
Themagneticfieldpotentialcan bewritten
._--a,.4.(,,_)' _,8 (3)
Particle motion and the upper-bound limit: of current
collection
The Lagrengian of thc particle motion in this raagnc_ field is
L-_(,:,,': +:)+_(_,+,_,,,,)-,,,
where ¢ is the electrostatic potential. L does not depend on z, so o_L/O_.= corot, or
mi ÷ e At = p, = const
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and neglectingthethermalmotion,itcanbe foundthatapardclecanreachthewireif
e 2_< • < e + /'--_ (7)
where the subscript w indicates quantiti©s related to the wire. It follows from (7) that on
the region of the wire with fixed Azw, particl©s are coming from the region y--_, where
:_1,-..-x givesaregionfcurrentcollection
mc
For thecylindricalwireallpointson Thewirehavenearly the same magnetic potential,
h,_.cconst,and thecollectedcurrentisthen
j = 2_oV r "_I-mCP"
oJasina (9)
This result is exactly the same as Parker-Murphy. It should be noted that the limit a --* 0
canbe found onlyifO_,asafunctionofu isknown.
Wire of az-/_it:z'a_ a_apa
The inequality (7) is valid for an arbitrary shape of the wire,butinthis case different points
of the whe surface have a different magn_ potential. A,, For fix_! Aw, the region of
current collection is still given by (8). For different points on the wire. Awls different and
theends oftheregionAx=x2-xIwillalsobe _ The regionofcurrentcollectionwill
,be8+Ax where
8-Ar'_ - At'" -_ (lo)
Bosincc Bosina
Here,a isthecharacteristicwidth ofthewireanddA/a-B c.
For/~5-I0 A, a-,O.5-1.0cm and _/zlx--O.l-0.5,Therefore,theupper-boundof the
collection weakly depends on the shape of the w_'e and can be estimated by the
Parker-Murphy formula.
Kinetio Models for a NUmer£cal Calculatlon o£
the Current Collection
For a_ne_c d¢_ption ofthecurrentcollecuon,apm_cle B_u_on codeasw_
theki.ed¢calculationcan beused.A particle_n_a_on code [such_ dmt ofI_.
Singh] can be adoptedforcunentcoIIec_onby mcludingthemagnet/cfieldofthecurrent.
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However, inclusion of particle scattering in the code will be difficult. The two
characteristic scales, the De,bye radius and the mean free path, are 0.2-1.0 cm and 400-600
cm, respectively, are too much different.
In a model based on the kinetic equation, the last problem can be solved in two
ways, The f'ust,b due to g_eatcr time of calculation gives an opportunity to include the
smallest leagth scale. The second method uses different models for the different |engths.
The region of current coUPon can be divided into a region where scauering is essential, a
region where it is not important but where the drift equation is still correct, and a region
from out aear the separatfix in to the wire. An approach for calculations in the second
region on an analytk:al and partly computational level b_ been developed (together with
Drs. O. V. Khazanov and M. W. Liemoha).
8ohm for N6asur£ng the End Body Pom£t£on
Suppose a source of light 0aser) located on the end body spins with some period T
at an angle _ from the tether (Figure 2). In position A, the time between two signals
registered at O (mother body) is the same. If the laser is in point B, however, the time will
be different. It is suplx_sed that _ laser is oriented in tl_ same way to the gravity field in
points A and B. Dr. Stone proposed a hanging laser 1:oachieve this. For w-lO',
/---OA=10 e cm, _AB=IO cm, and T'-.-60s, the difference in the time is At~10 4 s. If the
source of light fives a circle or an arc with a radius close to the maximum displer, ement AlE}






plane perpendicular to the plane of the figure can be found.
Two light receivers separated by about 10 cm on the mother
body are needed. The lO cm end body displacement can be
registered, com_g the time when the signal is registered
by the different receivers. The difference is around 10.5 s.
Such times are easily measured. The oscillation of the end
body around its axis also can be easily registered using a
radial dark lane on the light source. As the body rotates, the
dark line in the las_ point also rotates and can be measured.
The main question is the power of the laser needed
during the daytime. It can be lowered using filters and
different receiving schemes. During the night, the s/gald w_
be wetl registered.
Summary
I. It is found that the upl_'-bound limit forcunent collection in the case of strong
magnetic field from the current is close to that given by the Parker-Murphy formula.
This conclusion is consistent with the results obtsmed in laboratory experiments. This
limit weakly depends on the shape ofthe wire. The adiabatic limR in this case will be
emily sm'passed due to strong magnetic field gradients near the separatrix. The
calcul_ons can be done using the kinetic equation in the drift approximation.
Al_ytice/results are obtained for the region where the Earth's magnetic £'teld is
(item 2 above).
2. The current collection can be calculated (neglecting scatterins) using a particle
simulation code. Dr. Singh has agreed to collaborate, allowing the use of his perticle
code. The code can be edapted for the case when the current magnetic field h _trong.
(The results from item 1 above are valid only for the upper-bound limit, but not for the
real cterent collection.) The needed time for these modifications is 3-4 months.
3. The analytical description and essential part of the program is prepm_l for the
calculation of the current in the region where the adiabatic description can be used.
This was completed with thecollaboration ofDrs.Khazanov and Liemohn.
4. A scheme of measuring the end body position is also proposed. The initial estimations
are shown in item 3 above. The scheme was discussed in the laboratory (with Dr.
Stone) and it was concluded that it can be proposed for engineering analysis.
The aU abovementioneditemscan bepresentedinmore detailsifitwillbe necessary.
